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ABSTRACT 
As the economic and aesthetic value of mountain areas increases, 
more pressure is applied to develop and manage them. This study was 
conducted on Sugarloaf Mountain ski area . It involved examining soils 
above and below the 765 m contour, which Maine had established as a 
critical contour for land management . Soils were excavated and pro-
files were described and sampled. Soil and topographical features 
that proved significant in predicting the manageability of this moun-
tain ecosystem included slope, drainage, depth, texture, organic 
matter, pH and nutrient content. 
INTRODUCTION 
Mountain soils in the eastern part of the United States have both 
economic and aesthetic values. In recent years these areas have been 
critically examined for soil characteristics that might be important 
when one attempts to capitalize on the economic values. Mountain areas 
are perceived to be in a delicate balance with nature and upon distur-
bance, this stability may be destroyed. Significant soil characteris-
tics must be identified that will help to predict the stability of this 
natural balance. 
Researchers have shown that mountain soils are low in nutrients, 
high in residual organic matter, acid in reaction and shallow in ,depth 
(1, 2, 3, 10). This study looks at the relation of these and other 
soil characteristics to the development of mountain areas. 
MATERIALS AND METHODS 
The study area was located on Sugarloaf Mountain in Maine. Physic-
graphically, Sugarloaf is a member of the Longfellow and Boundary Moun-
tains. It was overridden by the Wisconsin Ice Sheet approximately 
12,000 years ago. As the ice sheet retreated from the mountain and 
valley, it left behind gabbro glacial deposits that have served as the 
parent material of the present soil (4). 
The research was conducted on the north facing slope of Sugarloaf 
Mountain, a major ski area in the northeast. For this study the slope 
was divided into two areas by the 765 m contour. This delineation was 
chosen since the State of Maine initially established this specific 
contour as being significant in the management of mountain areas. 
Once the 765 m contour was located, sampling lines were established 
in the undisturbed areas between ski trails. The transects were initia-
ted 61 m from existing ski trails to prevent any edge effect. Sample 
points were then systematically located at 61 m intervals both verti-
cally and horizontally in the wooded area. 
At each point soil information (solum texture, total depth and 
internal drainage) and percent slope were recorded. Elevation at each 
site was determined using topographic and ski trail maps. So that the 
soil could be studied in detail, 44 soil pits were excavated and sam-
pled; 29 above and 15 below the 765 m contour. Since this soil 
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information was more uniform for the soils below 765 m, fewer sites 
were excavated in that area. The pits had dimensions of 60 x 120 em. 
Depth varied from 25 to 113 em depending on whether bedrock or firm 
basal till was encountered. Each soil was described using the Soil 
Survey Manual (9) as a guide. 
Drainage classes were assigned to each site according to the Soil 
Survey ~1anual (9). The drainage designation used in this study included 
excessive, well, moderately well and poorly drained categories. In 
order to analyze drainage, each drainage class was ~ssigned a value; 
excessively drained- 7; well drained- 5; moderately well drained- 3; 
and poorly drained- l (other drainage classes were not described). The 
drainage values above and below 765 m were averaged and later compared. 
The soils were sampled by taking bulk samples from each horizon. 
These samples were dried and sieved through a U.S. standard 2 mm mesh 
sieve to separate fine earth from rock fragments . All the material not 
passing through the sieve was designated as percent by weight coarse 
material. Particle size distribution was determined on the fine earth 
less than 2 mm in diameter by the hydrometer method, as described by 
Bouyoucos ( 5). The pH of the fines was determined by means of a Fisher 
Accumet model 310 pH meter. All mineral samples were tested using a 
1:1 mixture of soil and distilled water. The pH of the 0 horizons was 
determined using a 1:5 suspension of organic matter and distilled water. 
Organic matter was determined by two methods: The Walkley-Black and 
ignition (11). The exchangeable bases were determined by the method 
described by Brown (6). 
Statistical analysis was performed using the Analysis of Variance 
and Duncan's New ~·1ultiple Range Test described by Steele and Torrie (8). 
Sample sites above 765 m were treated as one population and those below 
765 m were treated as another. The soil horizons Oa, E, Bh 1, Bh 2, Bh 3 
and Bh 4 were treated as individual subgroups. Each respective horizon 
above 765 m was compared to its counterpart below 765 m. 
RESULTS AND DISCUSSION 
Field measurements of percent slope, soil depth, depth of the 
organic layer and internal drainage are presented in Table 1. Only 
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percent slope proved to be significantly different in relation to the 
765 m contour. The average slope was 33 percent above the contour and 
17 percent below. Steep slopes do increase erosion potentia l . Indiscri-
minate management and neglect will result in serious erosion problems. 
Soil depth above 765 m. was not significantly different f rom the 
area below. The average depth in both cases was greater than 50 em. 
This does not mean that soil depth should be eliminated in evaluating 
the manageability of an area. There were areas on the mountain both 
above and below 765 m on which the soil was less than 50 em to bedrock. 
To prevent problems, general soil depth maps should be established for 
proposed mountain management areas, specifically locating shallow, areas . 
Soil drainage class proved to be unrelated to elevation. The 
averages were 3.2 and 3. 0, respectively, which means the soils were 
predominantly moderately well drained in both areas . Even though there 
were no significant differences in soil drainage, general drainage maps 
should also be completed specifically identifying either poorly or 
excessively drained soils. 
There was a significant difference in particle size dist r ibution 
as presented in Table 2. The predominant fine earth soil texture on 
Sugarloaf Mountain was sandy loam. The sandy nature of the soil per-
mitted relatively rap i d infiltration of water, which decreased the 
amount of runoff. The percent clay both above and below 765 m, although 
significantly different, was low, averaging 6 and 10 percent respective-
ly. The four percent increase in the clay content below 765 m was con-
sistent in all mineral horizons except the E horizon, with the amount 
of coarse material decreasing in the lower horizons of the profiles 
below 765 m (Table 2). This clay increase and coarse material decrease 
might be attributed to either weathering or deposition. 
If the fine materials are clay minerals, then the primary coarse 
fragments have been weathered and leached resulting in a decrease in 
materials greater than 2.00 mm and clay increase. If the clay was 
deposited by the erosion process, then the material greater than 2.0 
mm decrease was due to an increase in soil weight by the fine material"s 
filling pore space in soil profile below 765 m. 
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There were no differences in the nutrient status and pH of the 
soil in relation to elevation except in the organic layer and the lowest 
8 horizons as presented in Table 3. In the organic layer the average 
pH was higher below 765 m than above. This higher pH was attributed to 
the nature of the organic material. Coniferous humus was present above 
765 m, while slightly acidic hardwood residue predominated below 765 m. 
Hardwood residues have been shown to be higher in cations such as Ca and 
Mg (12), explaining the significant increase in these nutrients below 
765 m. 
Readily oxidizable and total organic matter increased as elevation 
increased as presented in Table 4. This increase may be directly rela-
ted to the decrease in soil temperature associated with mountain soils 
(7) and the low soil pH. Together these two factors slowed down the 
microbiological activity necessary to break down the organic complexes 
(1, 7). This accumulation of residual organic matter holds nutrients, 
releasing them slowly to plant life. The slow recycling of nutrients 
has a definite effect on the manageability of an area. More research 
is needed to specifically explore this question. 
CONCLUSION 
In order to establish the potential development of Sugarloaf Moun-
tain and other mountain areas, field measurements of percent slope, soil 
depth and internal drainage should be surveyed and located on a map. 
This would not differ from a SCS soil mapping unit. Shallow soils and 
poorly or excessively drained soils should be specifically flagged on 
this map. Other information should include description of the soil tex-
ture. Special note should be made when the clay content increases as 
it may be a signal of potential erosion problems. 
In the future measurements of pH, nutrient status and organic mat-
ter may be included to determine mountain manageability. As research 
develops, the impact of these measurements on mountain areas will be 
better understood. 
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Tab le 1. Percent s lope, so il depth, organic matter and drainage in 
relation to the 765 m contour 
Field Measurements Above 765 m Below 765 m 
Percent Slope (%) 34a* 18b 
Soil Depth (em) 63a 57 a 
Th ickness of the Organic ?a 6a 
Horizon (em) 
Drainage 3.2a** 3. 0a 
*Horizontally, means fol lowed by the same le tter, indicate no s igni-
ficant differences at t he 5 percent level of probability . 
**Drainage values determined by assigning numerical val ues to each 
drainage class: excessively drained- 7; well drained- 5; moderately 
well drained- 3; and poorly drained- 1. Sta ti stical comparisons 
were completed between average drainage value above 765 m to those 
below. 
Table 2. Particle size distribution and percent coarse material for each individual horizon in relation 
to the 765 m meter contour. 
Horizon Location to the 765 m Contour 
Horizon Above Below Above Below Above Below Above Be l ow 
765 m 765 m 765 m 765 m 765 m 765 m 765 m 765 m 
----% Sand----- ----%Silt----- ----% Clay----- ----% Rock**---
Material 
E 56.9a* 57 . 5a 34.4a 32.2a 8.6a l0.4a 26.1 a 20. la 
Bh1 63.8a 57.2b 29 . 6a 34 . 4b 6.5a 9. 1 b 35.7a 38.9a 
Bh2 66.4a 60.6b 28.3a 28.3a 6.6a 11.1 b 41. 2a 27.0b 
Bh3 68.3a 64.6a 25.6a 25.6a 6.0a lO.Ob 40.5a 30.1 b 
Bh 4 69.5a 67.0a 24.3a 22. la 6.5a l0.8b 48.8a 38 . 6b 
*Horizontally, within the same particle size, numbers followed by the same letter are not 
s ignificantly different at the 5 percent level. 
**% rock material is material greater than 2.00 mm in diameter. 
Table 3. Exchangeable calcium, magnesium, potassium and soil reaction in relation to the 
765 m contour. 
Horizon 
o1+0a 
E 
Bh1 
Bh2 
Bh 3 
Bh 4 
Calcium 
Above 
765 m 
Below 
765 m 
Magnesium 
Above 
765 m 
Below 
765 m 
Potassium 
Above 
765 m 
Below 
765 m 
---------------------------meg/100 gms-----------------
4.42a* 6.04b 3.48a 5.35b 2. 12a 2.49a 
0. 95a 0. 84a 0. 20a 0.35a 0. 28a 0.26a 
0.50a 0.42a 0. lOa 0. 15a 0. lla 0. lOa 
0. 22a 0.32a 0.03a 0.02a 0. 07a 0. 09a 
0. 15a 0. 2la 0. 02a 0. 16a 0.03a 0.06a 
0. l6a 0. 14a 0.02a 0.07a 0.06a 0. 05a 
Above 
765 m 
4.09a 
4.27a 
4. 70a 
4. 83a 
4.79a 
4.75a 
pH 
Below 
765 m 
4. 4lb 
4.27a 
4. 8la 
4.88a 
5. 0la 
4. 9la 
*Hori zontally , with i n each specifi c category , numbers followed by the same lette r are not 
si gni ficant at t he 5 percent level of probability. 
Table 4. Percent organic matter by Walkley-Black and ignition in 
relation to the 765 m contour for each individual horizon. 
Horizon Above Below 
765 m 765 m 
% organic matter 
Walkley-Black 
Oa 
E • 5.4a* 5. 1 a 
Bh1 13 . 6a 10.3b 
Bh 2 7. 8a 4.7b 
Bh 3 4. 9a 3.2b 
Bh4 3.7a 2.6b 
Above 
765 m 
Below 
765 m 
% organic matter 
ignition 
61. 9a 61.9a 
7.6a 7. 7a 
21.4a 15.0b 
15. 4a 8.2b 
10.2a 6.8b 
7.4a 5.5b 
*Horizontally, within the specific organic matter determination 
numbers followed by the same letter are not significant at the 
5 percent level. 
